Registry of Experimental
States of America Summary Mixed mesenchymal neoplasms of the uterus of 8 mice had either leiomyosarcoma or fibrosarcoma components. 6 had osteoid and 2 had both vacuolated and undifferentiated neoplastic cells. The putative chondrosarcoma component varied from a poorly-differentiated appearance (sheet-like masses of cells) to a myxoid appearance with giant cells and cells with cytoplasmic vacuoles. 1 tumour contained well-differentiated bone that was located within the primary and just beneath the splenic capsule. In another tumour composed of osteosarcoma, chondrosarcoma and fibrosarcoma, the latter component had invaded the wall of the rectum.
It is probable that mouse uterine tumours occur more frequently than has been reported in the literature. SJye, Holmes & Wells (1924) described 22 primary uterine neoplasms in 39 000 stock mice: II leiomyomas, 7 sarcomas, 3 adenomas, I teratoma. The sarcomas and adenomas were located in the horns of the uterus, the teratoma was located in the cervix, and no site was given for leiomyomas. No carcinomas were reported, Haaland (1911) and Woglom (1919) each described a single uterine tumour-respectively an adenomyoma and a carcinoma that metastasized to the liver. In a study of Swiss, IC and C57BL/6 mice, and F 1 hybrids between Swiss and IC, Swiss and C57BL/6 mice, Chouroulinkov,
neoplasms, which they classified as endometrial sarcomas.
Malinin & Malinin (1972) described 8 uterine neoplasms, 6 leiomyomas and 2 leiomyosarcomas found in a large population of aged BALB/c mice in which a variety of nonneoplastic uterine lesions also occurred. Dawson, Brooks & Fieldsteel (1974) described 8 endometrial sarcomas and 1 leiomyosarcoma found in a group of (C57BL/6 x DBA/2)F I mice.
In a recent review, Munoz, Dunn, & Turosov (1979) discuss the difficulty of classifying mesenchymal tumours of the uterus. Tumours of the uterus, composed of spindle cells arranged in palisades and cells ingesting pigment, have been classified as reticulum-cell neoplasms, type A (Dunn, 1954) . These tumours also metastasize frequently to the liver.
Received 21 April 1980. Accepted 16 May 1981. Stewart, Deringer, Dunn & Snell (1974) classified neoplasms of the uterus in strain BRSUNT, STR and BLCP substrains as schwannomas. The morphology of these neoplasms was identical to that of neoplasms arising in cranial and spinal nerve roots. The tumours resembled some of those described by Chouroulinkov et al. (1969) , Malinin & Malinin (1972) and Dawson et a/. (1974) . They were identical to those described as reticulum-cell neoplasms, type A. A high incidence of uterine tumours characterized the mice of strain PM originally developed by Gardner & Pan (1948) , but now lost because of infertility. In their study, 13 of 56 animals had uterine tumours: 5 squamous cell carcinomas, 7 undifferentiated cell tumours, and 1 spindle cell tumour. Spontaneously-occurring neoplasms of epithelial-cell origin are less common than those of mesenchymal-cell origin. Munoz et al. (1979) have described 4 transplantable adenocarcinomas: 2 in BALB/c mice and 2 in C3H mice. 3 of the 4 mice had been thymectomized and treated with oestrogen and cortisone. I observed carcinoma of the uterus in 30 of 30 000 (3%) female BALB/c mice held for the study of neoplasms developing in old age.
The purpose of this report is to describe the mixed mesenchymal tumours of the uterus of mice. These have not been described previously.
Case reports
All 8 cases (Table I) were from slides in the Registry of Experimental Cancers.
Case 1
History: a strain C3H female mouse, 17·5 months of age, was administered 5 mg benzidine sulphate and hyaluronidase (10 turbidity units).
Gross findings: a grey-brown, friable mass, irregular in shape, greatest diameter 2·5 cm, surrounding the uterus and urinary bladder.
Histological findings: the neoplasm projected into the lumen of the uterus and penetrated the wall of the rectum and urinary bladder. At the periphery of the neoplasm and in the area of colonic invasion, the neoplasm was composed of spindle cells producing collagen (Fig. 1 ). In the centre of the neoplasm, well-differentiated trabecular bone was surrounded by pleomorphic cells arranged in sheets; some of these cells had vacuolated cytoplasm (Fig. 2) . Giant cells with multiple bizarre nuclei were intermingled with the pleomorphic cells and were in close proximity to the bony trabeculae (Fig. 3) . Some of the vacuolated cells appeared to be forming bone (Fig. 4) . The phosphotungstic acid-haematoxylin stain for myoglia was Flg. 1. Area of polypoid tumour composed of Interlaclnl bundles and whorls. Collagen is present, but not myofibrils. Phosphotungstic acid-haematoxylin. Line represents 300 pm.
negative, as was Sudan IV for fat. Small amounts of P AS-positive material was seen in vacuoles of the pleomorphic and giant cells. Some of the vacuolated cells contained material that stained metachromatically with colloidal iron and was digestible with hyaluronidase: they were thus considered to be the cells of a chondrosarcoma. Case 2 History: a strain (C x I)F I female mouse, 29 months of age, untreated.
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Grossfindings: not recorded.
Histological findings: A neoplasm penetrating the full thickness of the uterine wall and extending 2/3 the circumference of the wall was found. The tumour cells were arranged as interlacing bundles and whorls. The nuclei were ovoid to spindle-shaped; nucleoli were observed only occasionally. In scattered areas, there were varying amounts of eosinophilic, amorphous refractile material. When examined under a polarizing microscope with crossed Nichol prisms, this material showed birefrigence characteristic of osteoid. Trichrome stains also revealed the presence of collagen in surrounding areas. Intermingled with these spindle cells were cells with vacuolated cytoplasm and welldefined borders identifiable as cartilage (as in case 1).
Case 3
History: a general purpose (GP) strain female mouse, 23 months of age, was administered Acacia vil/osa tea as an aqueous extract (O'Gara, Lee & Morton, 1971 ).
Gross findings: a firm, yellow-brown mass, 2·0 cm in diameter, was attached to the left horn of the uterus, pancreas and mesentery.
Histologicalfindings: the neoplasm was polypoid, and projected into the lumen of the uterus. The most striking feature of this tumour was the large area of necrosis. The tumour contained well-differentiated bone, a spindle-cell component (which did not produce demonstrable collagen) and sheet-like masses of pleomorphic cartilage cells resembling those seen in case I (Fig. 5) . The spleen contained subcapsular deposits of well-differentiated bone (Fig. 6 ).
Case 4
History: a strain (IBC x IBC)F 1 female mouse, 24 months of age, untreated.
Histological and microscopical findings: the neoplasm was polypoid, and also extended partially through the wall of the uterus. The polypoid portion of the tumour was histologically identical to case I, that is it contained the elements of a chondrosarcoma.
The remainder of the tumour contained osteoid (Fig. 7) as described in case 2. Using a trichrome stain, a spindle-cell component was identified as leiomyosarcoma.
Case 5
History: a strain C3Hfb female mouse, 27 months of age, received 0·5 ml of a 5% mammary-tumour extract.
Gross findings: the tumour mass occluded the lumen of the proximal portion of the left horn of the uterus. The mass was 1 cm in diameter and was firm and yellow. There was also a large mass in the liver.
Histological findings: the uterine tumour was composed of well-differentiated smooth muscle cells arranged as interlacing bundles. The nuclei of these cells were elongated and blunt. The smooth muscle was demonstrated by trichrome stain. Prominent areas of osteoid (as described for case 2) were observed.
Cases 6, 7, 8 History: mice were strain HR/De, female. The 3 mice were aged 22, 22 and 17 months, respectively. None were treated.
Gross findings: all had neoplasms involving the wall of the uterus.
Histological findings: the neoplasms penetrated the full thickness of the uterine wall and contained a sparse population of pleomorphic cells with poorlydefined cell borders and small, round nuclei, and which were suspended in an eosinophilic matrix lacking in demonstrable collagen and smooth-muscle fibres. In some areas, the neoplastic cells were arranged as loose whorls and were arranged concentrically around atrophic endometrial glands. In case 6, poorly differentiated cartilage was observed, and osteoid was observed in cases 7 and 8.
Discussion
Tumours with mixed mesodermal components have been described in women (Poulson & Taylor, 1976; Willis, 1973 Bibro, Livolsi & Schwartz (1979) and Katzenstein, Askin & Feldmann (1977) have published detailed light and ultrastructura] observations of Mullerian adenosarcoma of the uterus; these authors described both fibroblast-like cells and numerous, bizarre, giant cells within the stroma of the tumours. Katzenstein et al. (1977) determined that the stromal component originated from a stem cell. Clement & Scully (1974) described rhabdomyoblasts that were without cross striations. Thus, there are some similarities among the elements in the stroma of the human adenosarcoma and those of the mixed mesenchymal tumours of mice. S]ye et al. (1924) described uterine leiomyomas with central hyaline degeneration and calcification, but did not mention other neoplastic elements derived from the mesenchyme.
A search of the literature and the computer files of the Registry did not reveal any reports of the induction of mixed mesenchymal tumours by benzidine or Acadia villosa tea.
